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A method of protein engineering that builds databases correlating sequence 
variation with enzyme properties is described. A library of variants is 
generated and members of the library are tested for properties of 
interest. The resulting data are compiled into a database that can be 
used to identify functionally important residues and domains of the enzyme 



and can have predictive utility in protein engineering. This may allow 
the simultaneous optimization of two or more properties of the enzyme. 
The present invention also provides variant subtilisins suitable for 
various uses. A library of single and multiple substitution variants of 
subtilisin BPN ' was prepared by PCR with mutagenic primers. These were then 
tested for the effects of the substitution on stability and catalytic 
activity against assay substrates and substrates for determining effectiveness 
in laundry detergents. This allowed the identification of substitutions 
that improved the com. valuable properties of the enzyme and to 
combinations of substitutions that improved stability, catalytic activity, 
and performance against wash performance test substrates. 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB The present invention provides Micrococcineae serine proteases having 
multiple substitutions. In particular, the present invention provides 



Cellulomonas 69B4 serine proteases having multiple substitutions, DNA 
encoding these proteases, vectors comprising the DNA encoding the 
proteases, host cells transformed with the vector DNA, and enzymes 
produced by the host cells. The present invention also provides cleaning 
compns. (e.g., detergent compns.), animal feed compns., and textile and 
leather processing compns. comprising these serine protease variants. In 
particularly preferred embodiments, the present invention provides mutant 
(i.e., variant) proteases derived from the wild-type proteases described 
herein. These variant proteases also find use in numerous applications. 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB The present invention provides Micrococcineae serine proteases having 
multiple substitutions. In particular, the present invention provides 
Cellulomonas 69B4 serine proteases having multiple substitutions, DNA 
encoding these proteases, vectors comprising the DNA encoding the 
proteases, host cells transformed with the vector DNA, and enzymes 
produced by the host cells. The present invention also provides cleaning 
compns. (e.g., detergent compns.), animal feed compns., and textile and 
leather processing compns. comprising these serine protease variants. In 
particularly preferred embodiments, the present invention provides mutant 
(i.e., variant) proteases derived from the wild-type proteases described 
herein. These variant proteases also find use in numerous applications. 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 

AB The present invention provides novel serine proteases, novel genetic 

material encoding these enzymes, and proteolytic proteins obtained from 
Micrococcineae spp., including but not limited to Cellulomonas spp. and 
variant proteins developed therefrom. In particular, the present 
invention provides serine protease compns. obtained from a Cellulomonas 
spp., DNA encoding the serine protease, vectors comprising the DNA 
encoding the serine protease, host cells transformed with the vector DNA, 
and an enzyme produced by the host cells. The nucleotide sequence of the 
gene asp and the encoded amino acid sequence of the Asp serine protease 
from Cellulomonas strain 69B4 are disclosed. The crystal structure 
and the atomic coordinates of the Asp serine protease from Cellulomonas 
69B4 are provided. The nucleotide sequences and the encoded amino acid 
sequences of homologous serine proteases from Cellulomonas spp. and 
related microorganisms are also provided. The present invention also 
provides cleaning compns. (e.g., detergent compns.), animal feed compns., 
and textile and leather processing compns. comprising protease (s) obtained 
from a Micrococcineae spp., including but not limited to Cellulomonas spp. 
In alternative embodiments, the present invention provides mutant (i.e., 
variant) proteases derived from the wild-type proteases described herein. 
These mutant proteases also find use in numerous applications. 
OSC.G 3 THERE ARE 3 CAPLUS RECORDS THAT CITE THIS RECORD (3 CITINGS) 



RE.CNT 2 THERE ARE 2 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L2 ANSWER 6 OF 6 HCAPLUS COPYRIGHT 2011 ACS on STN 
AN 2005:889465 HCAPLUS 
DN 144:124778 

TI Cellulomonas bogoriensis sp. nov., an alkaliphilic cellulomonad 

AU Jones, Brian E.; Grant, William D.; Duckworth, A. W.; Schumann, Peter; 

Weiss, Norbert; Stackebrandt , Erko 
CS Genencor International BV, Leiden, 2333 CN, Neth. 

SO International Journal of Systematic and Evolutionary Microbiology (2005), 

55(4), 1711-1714 

CODEN: ISEMF5; ISSN: 1466-5026 
PB Society for General Microbiology 
DT Journal 
LA English 

AB An alkaliphilic, slightly halotolerant, chemo-organotrophic, Gram-pos., 

rod-shaped bacterium, strain 69B4T, was isolated from the sediment of the 
littoral zone of Lake Bogoria, Kenya. Phylogenetically , it is a member of 
the genus Cellulomonas, showing less than 97.5% sequence similarity to the 
type strains of other Cellulomonas species. The highest level of 
similarity, albeit moderate, was found with respect to Cellulomonas 
cellasea DSM 20118T. Chemotaxonomic properties confirm the 16S rRNA 
gene-based generic affiliation, i.e. a DNA G+C content of 71.5 mol.%, 
anteiso-C15 : 0 and C16:0 as the major fatty acids, MK-9(H4) as the major 
isoprenoid quinone, a peptidoglycan containing L-ornithine as the diamino acid 
and D-aspartic acid in the interpeptide bridge and phosphatidylglycerol as 
the only identified main polar lipid. The strain is aerobic to 
facultatively anaerobic, being capable of growth under strictly anaerobic 
conditions. Optimal growth occurs between pH values 9.0 and 10.0. On the 
basis of its distinct phylogenetic position and metabolic properties, 
strain 69B4T represents a novel species of the genus Cellulomonas, for 
which the name Cellulomonas bogoriensis sp. nov. is proposed. The type 
strain is 69B4T (=DSM 16987T =CIP 108683T) . 
OSC.G 11 THERE ARE 11 CAPLUS RECORDS THAT CITE THIS RECORD (11 CITINGS) 

RE.CNT 17 THERE ARE 17 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 



< User Break > 

=> S Cellulomonas (3A) (protease or proteinase or peptidase) 

L3 17 CELLULOMONAS (3A) (PROTEASE OR PROTEINASE OR PEPTIDASE) 

=> S (alkaline or Alkaliphilic) (3A) (protease or proteinase or peptidase) 
L4 14910 (ALKALINE OR ALKALIPHILIC) (3A) (PROTEASE OR PROTEINASE OR PEPTI 

DASE) 

=> 13 and 14 

L3 IS NOT A RECOGNIZED COMMAND 

The previous command name entered was not recognized by the system. 
For a list of commands available to you in the current file, enter 
"HELP COMMANDS" at an arrow prompt (=>) . 

=> s 13 and 14 

L5 0 L3 AND L4 

=> S (SIZE OR MOLECULAR WEIGHT OR MW or kda or kd) (3A) 200 

L6 67147 (SIZE OR MOLECULAR WEIGHT OR MW OR KDA OR KD) (3A) 200 



=> s 13 and 6 

L7 4 L3 AND 6 



=> duplicate 

ENTER REMOVE, IDENTIFY, ONLY, OR (?):remove 
ENTER L# LIST OR (END) : 
ENTER L# LIST OR (END): 17 

DUPLICATE PREFERENCE IS 'HCAPLUS, WPIDS' 

KEEP DUPLICATES FROM MORE THAN ONE FILE? Y/(N):n 

PROCESSING COMPLETED FOR L7 

L8 4 DUPLICATE REMOVE L7 (0 DUPLICATES REMOVED) 



=> d 18 1-4 bib ab 
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ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
AB The present invention provides Micrococcineae serine proteases having 
multiple substitutions. In particular, the present invention provides 
Cellulomonas 69B4 serine proteases having multiple substitutions, DNA 
encoding these proteases, vectors comprising the DNA encoding the 
proteases, host cells transformed with the vector DNA, and enzymes 
produced by the host cells. The present invention also provides cleaning 
compns. (e.g., detergent compns.), animal feed compns . , and textile and 
leather processing compns. comprising these serine protease variants. In 
particularly preferred embodiments, the present invention provides mutant 



(i.e., variant) proteases derived from the wild-type proteases described 
herein. These variant proteases also find use in numerous applications. 
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ADT WO 2008048392 Al WO 2007-US18909 20070829; CA 2667043 Al CA 2007-2667043 
20070829; CN 101528920 A CN 2007-80038982 20070829; EP 2084273 Al EP 
2007-837430 20070829; EP 2084273 Al PCT Application WO 2007-US18909 
20070829; KR 2009075825 A PCT Application WO 2007-US18909 20070829; CA 
2667043 Al PCT Application WO 2007-US18909 20070829; CN 101528920 A PCT 
Application WO 2007-US18909 20070829; MX 2009003936 Al PCT Application WO 
2007-US18909 20070829; JP 2010506590 T PCT Application WO 2007-US18909 
20070829; PH 12009500603 A PCT Application WO 2007-US18909 20070829; CA 
2667043 Al PCT Nat. Entry CA 2007-2667043 20090420; JP 2010506590 T JP 
2009-533297 20070829; KR 2009075825 A KR 2009-707937 20070829; PH 
12009500603 A PH 2009-500603 20070829; PH 12009500603 A PCT Nat. Entry PH 
2009-500603 20090401; MX 2009003936 Al MX 2009-3936 20090414; IN 
2009DN02135 A PCT Application WO 2007-US18909 20070829; IN 2009DN02135 A 
IN 2009-DN2135 20090331 

FDT EP 2084273 Al Based on WO 2008048392 A; KR 2009075825 A Based on WO 

2008048392 A; CA 2667043 Al Based on WO 2008048392 A; CN 101528920 A Based 
on WO 2008048392 A; MX 2009003936 Al Based on WO 2008048392 A; JP 
2010506590 T Based on WO 2008048392 A; PH 12009500603 A Based on WO 
2008048392 A 

PRAI US 2007-809104 20070531 
US 2006-583334 20061019 

AB WO 2008048392 Al UPAB : 20080528 

NOVELTY - An isolated serine protease variant having an amino acid 
sequence comprising at least two amino acid substitutions, where the 
substitutions are made at positions equivalent to the positions in a 
Cellulomonas 69B4 protease comprising the amino acid sequence of SEQ 
ID NO: 8, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are: 

(1) a composition comprising the isolated serine protease variant; 

(2) a polynucleotide sequence encoding the isolated serine protease 
variant ; 

(3) an expression vector comprising a polynucleotide sequence 
encoding the isolated serine protease variant; 

(4) a host cell comprising the expression vector; 

(5) a cleaning composition comprising at least one serine protease 
variant ; 



(6) a method of cleaning by contacting a surface and/or an 
article comprising a fabric with the cleaning composition, and optionally 
washing and/or rinsing the surface or material; 

(7) an animal feed comprising the serine protease variant; and 

(8) a textile or leather processing composition comprising the 
serine protease variant. 

USE - The variant is useful in making cleaning composition, animal 
feed, or textile or leather processing composition (claimed) . The cleaning 
composition may be used as fabric cleaning composition, or for may also be 
used for personal care, skin, and hair cleaning compositions. 

ADVANTAGE - The present invention provides serine protease variant 
having improved acid stability, thermostability, LAS stability, activity, 
caseinolytic activity, keratinolytic activity, wash performance activity, 
dishwashing performance activity, and stain removal activity, and altered 
surface property. 
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TI New serine protease (isolated from a member of the Micrococcineae ) useful 

in e.g. cleaning composition and animal feed composition 
DC D13; D16; D18; D25; F06 

IN JONES B E; KOLKMAN M; LEEFLANG C; POULOSE A J; SHAW A; VAN DER KLEIJ W A; 
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PRAI US 2003-523609P 20031119 

AB WO 2005052161 A2 UPAB : 20051222 

NOVELTY - Isolated serine protease (I), obtained from a member of the 
Micrococcineae, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) compositions comprising an isolated serine protease having 
immunological cross-reactivity with the serine proteases obtained from a 
member of the Micrococcineae and particularly the protease obtained from 
Cellomonas 69B4; 

(2) an isolated serine protease comprising at least 60% amino acid 
identity with the serine protease of a fully defined 189 amino acid (SEQ 
ID Number 8) sequence given in the specification; 

(3) an isolated protease variant having an amino acid sequence 
comprising at least one substitution of an amino acid made at a position 
equivalent to a position in a Cellulomonas 69B4 protease comprising 

the amino acid sequence of SEQ ID Number 8; 

(4) expression vectors comprising polynucleotide sequences encoding 
the protease variants; 

(5) host cells comprising the expression vectors; 

(6) serine proteases produced by the host cells; 

(7) a variant protease comprising one of 13 fully defined 85-428 
amino acid sequences (SEQ ID Number 54, SEQ ID Number 56, SEQ ID Number 58, 

SEQ ID 

Number 60, SEQ ID Number 62, SEQ ID Number 64, SEQ ID Number 66, SEQ ID Number 
68, SEQ ID 

Number 70, SEQ ID Number 72, SEQ ID Number 74, SEQ ID Number 76 or SEQ ID 
Number 78) ; 

(8) a composition comprising at least a portion of (I), where the 
protease is encoded by a polynucleotide sequences of: a fully defined 1680 
base pair (SEQ ID Number 1) sequence given in the specification, a fully 
defined 1488 base pair (SEQ ID Number 2) sequence given in the specification, 
a fully defined 1444 base pair (SEQ ID Number 3) sequence given in the 



specification or a fully defined 587 base pair (SEQ ID Number 4) sequence 
given in the specification; 

(9) a variant serine protease, where the protease comprises at 
least one substitution corresponding to the amino acid positions in SEQ ID 
Number 8, and the variant protease has better performance in at least one of: 
keratin hydrolysis, thermostability, casein activity, LAS stability and/or 
cleaning, as compared to wild-type Cellulomonas 69B4 protease; 

(10) an isolated polynucleotide comprising a nucleotide sequence 
having at least 70% identity to SEQ ID Number 4, or being capable of 
hybridizing to a probe derived from the nucleotide sequence of SEQ ID Number 
4, under conditions of intermediate to high stringency, or being 
complementary to the nucleotide sequence of SEQ ID Number 4; 

(11) a vector comprising the isolated polynucleotide; 

(12) a host cell transformed with the vector comprising the 
isolated polynucleotide; 

(13) a polynucleotide comprising a sequence complementary to at 
least a portion of the sequence of SEQ ID Number 4; 

(14) a method of producing an enzyme having protease activity, 
comprising: transforming a host cell with an expression vector comprising 
a polynucleotide having at least 70% sequence identity to SEQ ID Number 4; 
cultivating the transformed host cell under conditions suitable for the 
host cell to produce the protease; and recovering the protease; 

(15) a probe comprising the polynucleotide sequence substantially 
identical to a corresponding fragment of SEQ ID Number 4, where the probe is 
used to detect a nucleic acid sequence coding for an enzyme having 
proteolytic activity, and the nucleic acid sequence is obtained from a 
member of the Micrococcineae; 

(16) a cleaning composition comprising at least one serine protease 
obtained from a member of the Micrococcineae; 

(17) a composition comprising (I) and at least one stabilizing 
agent; and 

(18) an animal feed comprising (I) . 

Phe-Asp-Val-Ile-Gly-Gly-Asn-Ala-Tyr-Thr (SEQ ID Number 8) 
G-C-G-C-G-C-T-G-C-G ( SEQ ID Number 1) A-T-G-A-C-A-C-C-A-C (SEQ ID Number 2) 
A-A-C-G-A-G-C-C-C-G (SEQ ID Number 3) T-T-C-G-A-C-G-T-G-A (SEQ ID Number 4) 

USE - The invention deals with serine proteases, genetic material 
encoding the proteases, proteolytic proteins obtained from Micrococcineae 
spp, variant proteins developed from them, vectors comprising the DNA 
encoding the protease, host cells transformed with the vector DNA and 
enzymes produced by the host cells. (I) is useful in cleaning compositions 
and animal feed compositions (all claimed). (I) is useful in laundry and 
dish detergents. (I) is useful in textile and leather processing 
compositions . 

ADVANTAGE - (I) is extremely stable. The isolated polynucleotide of 
(I) provides the capability of isolating further polynucleotides, which 
encode proteins having serine protease activity. The enzyme compositions 
have comparable or improved wash performance, as compared to presently 
used subtilisin proteases. 
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NOVELTY - An isolated serine protease obtained from a member of the 
Micrococcineae, is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(1) a composition comprising an isolated serine protease having 
immunological cross-reactivity with the serine protease or at least a 
portion of the isolated serine protease; 

(2) an isolated protease variant having an amino acid sequence 
comprising at least one substitution of an amino acid made at a position 
equivalent to a position in a Cellulomonas 69B4 protease comprising 

the 189-amino acid sequence (SEQ ID NO: 8); 

(3) an isolated polynucleotide comprising a nucleotide sequence (i) 
having at least 70% identity to the 584-bp sequence (SEQ ID NO: 4), or 
(ii) being capable of hybridizing to a probe derived from the 584-bp 



sequence (SEQ ID NO: 4), under conditions of intermediate to high 
stringency, or (iii) being complementary to the 584-bp sequence (SEQ ID 
NO : 4 ) ; 

(4) an expression vector comprising a polynucleotide sequence 
encoding the protease variant; 

(5) a host cell comprising or transformed with the expression 

vector; 

(6) a method of producing an enzyme having protease activity; 

(7) a probe comprising a 4-150 polynucleotide sequence 
substantially identical to a corresponding fragment of the 584-bp sequence 
(SEQ ID NO: 4), for detecting a nucleic acid sequence coding for an enzyme 
having proteolytic activity and obtained from a member of the 
Micrococcineae; 

(8) a cleaning composition comprising at least one serine protease 
obtained from a member of the Micrococcineae or a proteolytic enzyme 
comprising an amino acid sequence having at least 70% sequence identity to 
the 584-bp sequence (SEQ ID NO: 4), and a suitable cleaning formulation; 

(9) a method of cleaning; and 

(10) an animal feed comprising the serine protease. 

USE - The serine protease is useful in preparing cleaning 
compositions, animal feed compositions or textile or leather processing 
compositions (claimed) . 
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